There is increasing evidence that melanin-based plumage ornaments play a role in the sexual selection of birds, although there seems to be little consensus on the mechanisms underlying the signalling function of melanin-based plumage. The aim of this study was to assess the potential of a melanin-based plumage ornament (brown hood) to reflect components of individual quality (condition and physiological stress) in a common larid species, the Black-headed Gull Chroicocephalus ridibundus. For this purpose, we measured the size of the hood in over 500 Black-headed Gulls captured in several breeding colonies distributed across Poland. We found that hood size correlated positively with blood haemoglobin concentration, although we found no evidence for a relationship with blood glucose concentration or body mass. There was also a negative relationship between hood size and physiological stress, as assessed by leucocyte profiles (heterophil/lymphocyte ratio). We found this correlation in both sexes, suggesting that hood size may be an honest signal of individual quality in males and females, which implies a mutual mate choice in the Black-headed Gull. Finally, the relationship between hood size and blood haemoglobin concentration was primarily attributed to the parallel variation of these traits among the colonies, suggesting that Black-headed Gulls may settle in colonies in a despotic manner. As far as we are aware, our study is one of the first to show an honest signalling role of melanin-based ornaments in the gull family, Laridae. It remains to be tested whether different melanin-based plumage ornaments in gulls are developmentally and functionally integrated with each other and with carotenoid-based integument coloration.
Introduction
There is increasing interest in the role of melanin-based plumage ornaments in the behavioural ecology and sexual selection of birds. Most pioneering work on the colourful ornaments of birds focused almost exclusively on carotenoids. As carotenoids cannot be synthesized de novo by an organism, carotenoid-based pigmentation is determined by the availability of carotenoids in the diet. Carotenoids also play an important role as antioxidants, which generates a serious trade-off between their allocation to plumage expression and an organism's fight against free radicals [the oxidation handicap hypothesis (Alonso-Alvarez et al. 2008) ]. This is important with regards to hypotheses on the reliability of carotenoid-based signals, as individuals of high genetic and phenotypic quality should have the capacity to secure more carotenoid-rich food (e.g. through a better ability to forage or higher dominance rank) and, consequently, should have brighter and larger carotenoid-based ornaments (Hill 1991; Hill et al. 2002) . It has also been reported that the expression of carotenoid ornaments depends on the current physical state or health of an individual, which is consistent with condition-dependent expression (Johnsen et al. 2003; Saks et al. 2003 ) and the viability indicator hypothesis, which assumes that only individuals in superior condition are able to maintain the high expression of secondary sexual traits (Andersson 1994; Svobodová et al. 2018) .
The mechanisms responsible for the condition-dependent expression of melanin-based ornaments are likely to differ significantly from those for carotenoid pigments, as melanin is easily synthesized in melanocytes and is under tighter genetic control (Ducrest et al. 2008) . However, there is still much debate on how exactly melanin-based ornaments can signal individual quality in an honest way. A hypothesis on the general cost of melanin synthesis has received little empirical support and experimental manipulations of some coarse metrics of an individual's condition (i.e. food intake, disease state) failed to detect a significant condition-dependence of melanin ornament expression (reviewed in McGraw 2008) . Consequently, far more subtle mechanisms have been suggested to be in operation. First, the expression of melanin-based ornamentation may be limited by the availability of certain chemical elements or organic compounds, such as metals or amino acids. For example, the size and coloration of a melanin-based ornament (black breast stripe) in Great Tits Parus major correlated positively with environmental and feather concentrations of certain trace metals (Dauwe and Eens 2008; Giraudeau et al. 2015) . It has also been experimentally demonstrated that a calcium-enriched diet increased the number of black breast feathers grown in the Zebra Finch Taeniopygia guttata, resulting in a larger black plumage patch (McGraw 2007). Similar effects have been observed through manipulating the dietary intake of amino acids that are crucial for melanin synthesis, e.g. restricting phenylalanine and tyrosine reduced the intensity (eumelanin content) of the black bib patch in the House Sparrow Passer domesticus (Poston et al. 2005) . Second, it has been suggested that in some avian lineages (especially those with androgen-dependent development of male plumage) expression of melanin-based pigmentation is regulated by testosterone concentrations (Bókony et al. 2008) , which may occur at the cost of immunosuppression (Buchanan et al. 2003) . Finally, the costs of melanin-based coloration may be associated with its correct distribution and arrangement in the integument, as coordinating the expression of a given gene in multiple cells can be costly (Ferns and Hinsley 2004) .
Although no single mechanism may reliably explain melanin-based ornaments across all taxa and all environmental or social contexts, it seems absolutely crucial to determine how general the honesty of melanin-based signals is in animals. Although several authors have used a meta-analysis approach to test this hypothesis in birds, they have reached contradictory conclusions, likely due to the low statistical power of these analyses resulting from the scarcity of taxon-specific empirical studies (Griffith et al. 2006; McGraw 2008; Guindre-Parker and Love 2014) . For example, the most recent meta-analysis by Guindre-Parker and Love (2014) was based on data collected from only 21 species, most of which were from a single order of Passeriformes. Thus, if the fundamental question on melanin-based ornamentation is to be answered soon, more empirical data must be collected under a broad phylogenetic framework.
The aim of this study was to assess the potential of a melanin-based plumage ornament to reflect components of individual quality in a common larid species, the Black-headed Gull. Based on human perception, Black-headed Gulls are monochromatic and their plumage is dominated by whitish and greyish coloration, except for the black wingtip and brown hood. Our study focused on the latter, which is much more exposed than the wingtip and, thus, can be more easily assessed by potential mates. Also, the brown hood solely develops for the reproductive season and disappears in the eclipse plumage, which strongly suggests it has a role in mate choice. Our earlier work provided support for assortative mating of Black-headed Gulls with respect to hood size (Indykiewicz et al. 2017) . At the same time, no assortative mating with respect to hood coloration (brightness and chroma) was found and between-individual variation in hood reflectance was negligible, which suggests that a possible signal of condition would be more efficiently conveyed by the size of the hood rather than its coloration (Indykiewicz et al. 2017) . Here, we aimed to expand on these results and test for correlations of hood size with condition and physiological stress in male and female Black-headed Gulls. For this purpose, we used data from over 500 Black-headed Gulls captured in several breeding colonies distributed across Poland.
Methods

General field procedures
Black-headed Gulls were captured in 2018 across 16 breeding colonies in Poland (Fig. 1 ). Colony size varied between 100 and 3000 individuals. All birds were captured between 25 April and 15 June 2018 during egg incubation and chick-rearing. Birds were caught in nest traps and mist nets placed directly above nests with eggs or chicks. Trapping procedures caused no brood losses. For each captured bird we recorded the hour of capture (between 7.30 a.m. and 7.30 p.m.). In total, we captured 544 gulls (15-69 individuals per colony). Birds were individually ringed to avoid recaptures and all individuals were captured only once during the study. We collected a set of basic morphological measurements from each bird, including wing length (± 1 mm) and total head length (± 0.1 mm). Sex of birds was determined based on total head length, which is a highly dimorphic trait in the Black-headed Gull (Allainé and Lebreton 1990; Palomares et al. 1997) , and allowed us to correctly sex > 90% of birds in our study population [based on the discriminant function developed for nearly 400 molecularly sexed individuals breeding in Poland (Indykiewicz et al. 2019a) ]. In our dataset, 234 and 309 individuals were classified as males and females, respectively. For each bird we collected ca. 10 μl of blood from the ulnar vein in order to assess condition (haemoglobin and glucose concentrations) and physiological stress (leucocyte profiles). We also measured time interval between bird capture (the moment of capture in the net) and blood sampling (henceforth referred to as 'sampling time').
Hood size measurements
Hood size was measured with an elastic metric tape as the distance from the base of the bill (feather-maxilla border) to the posterior border of the hood along the mid-sagittal plane of the head (Fig. 2) . The measurements were made directly on live individuals in the field with an accuracy of 1 mm. Our measurement showed high within-individual repeatability (R = 0.87, 95% CI = 0.76-0.93, P < 0.001), as assessed for 35 randomly selected individuals (two independent measurements per individual conducted by the same person during a single capture event). Accurate measurements of the total hood area (using digital photographs) were not possible because of the loose skin on the neck directly below the bill. Because of this loose skin, small changes in the position of the bill and neck resulted in huge changes in the total hood area and within-individual repeatability of these measurements was unsatisfactory (R = 0.49, 95% CI = − 0.089-0.799, P = 0.059; as assessed using two independent photographs taken for 20 individuals during a single capture event). For the same reason, we could not accurately measure the distance from the hood to the ventral (breast) side. In contrast, skin on the top and back of the head is attached to the skull (Stettenheim 2000) , which allows for far more repeatable measurements that are less dependent on a bird's position. Visual assessment of hoods in all captured gulls also provided a clear indication that the range of hood size on the dorsal side (back of the head) showed greatest between-individual variation (while other hood dimensions were much less variable) and was likely to determine most variation in the perceived total hood size (P. M., personal observation).
Condition indices
We used three different condition indices: body mass, blood haemoglobin concentration, and blood glucose concentration. Body mass was measured with an electronic balance (± 1 g) in all but two individuals upon capture (n = 542; Table 1 ). Blood concentrations of haemoglobin and glucose were measured with HemoCue 201+ portable photometers (HemoCue, Ängeholm, Sweden). For this purpose, ca. 5 µl of blood was collected from the ulnar vein of each bird into disposable HemoCue microcuvettes (one microcuvette per measurement). The absorbance, directly proportional to the concentration of haemoglobin/glucose was measured within 1 min of blood sampling. Both haemoglobin and glucose concentrations have commonly been used as condition indices in wild birds. Haemoglobin concentration is a general measure of blood oxygen-carrying capacity in vertebrates, which has been shown to correlate with a wide spectrum of fitnessrelated traits in birds, including the timing of breeding, survival, and development stability (reviewed in Minias 2015). Blood haemoglobin was also experimentally demonstrated to reflect diet quality in passerines (Pryke et al. 2011; Pryke and Rollins 2012) . Thus, haemoglobin concentration was recommended as a robust indicator of physiological condition in birds (Minias 2015) . In contrast, blood glucose concentration was recently suggested to be an inverse indicator of condition. Although blood glucose concentration primarily reflects metabolic rate of an organism (Brown 1996) , glucose levels in circulating blood may increase due to the mobilization of organismal body reserves under high energy expenditure, stress or poor feeding conditions (Remage-Healey and Romero 2001; Corbel et al. 2010) . While this mobilization of glucose may be physiologically important in certain situations (e.g. during a stress response), there is accumulating evidence that blood glucose levels can negatively correlate with other aspects of condition in wild birds. For example, blood glucose concentrations in passerine nestlings have been reported to negatively correlate with habitat quality, parasite pressure, and survival (Kaliński et al. 2014; Glądalski et al. 2015 Glądalski et al. , 2018 , while negative correlations between blood glucose concentration and other condition indices were found in adult waterbirds (e.g. Minias 2014) . Consequently, we expected that high blood glucose concentrations would be associated with low physiological condition in the Black-headed Gull. This notion was supported by the negative correlation between haemoglobin and glucose concentrations (r = − 0.15, n = 484, P < 0.001) in our study populations. Correlations of body mass with blood haemoglobin and glucose concentrations were nonsignificant (P = 0.95 and P = 0.85 for, respectively). For technical reasons (blood clotting or photometer malfunction), blood concentrations of haemoglobin and glucose were measured for 527 and 489 individuals (Table 1) , respectively, i.e. 96.9% and 89.9% of all captured individuals, respectively. Since body mass and, possibly, some physiological traits are expected to be associated with body size (Green 2001) , we controlled for wing length (as a proxy of overall body size) in all analyses of condition indices.
Physiological stress
To assess physiological stress, we performed leucocyte counts for a randomly selected subsample of 236 individuals (from seven to 21 individuals per colony). We collected a drop of blood from the ulnar vein of these birds during sampling for condition measurements. Blood was transferred to a slide and a smear of one cell layer was made. Smears were air dried and stored in darkness until analysis. Each smear was stained using the May-Grüunewald-Giemsa method and scanned at 1000 × magnification under a light microscope. A random sample of 100 leucocytes from each smear was counted and classified into five cell types: heterophils, lymphocytes, eosinophils, basophils and monocytes.
Physiological stress was measured as a ratio of heterophils to lymphocytes (H/L ratio). In general, heterophils form the first line of immunological defence against a wide spectrum of pathogens and show high phagocytic activity in inflammatory lesions, while lymphocytes mediate antigenspecific responses (Harmon 1998) . In a stressful environment, the number of lymphocytes in the peripheral blood decreases and the number of heterophils increases as they are released from bone marrow. This process of leucocyte trafficking is thought to be mediated through stress hormones and constitutes a basic adaptation of an organism to deal with an infection via injury (heterophils) rather than with a communicable disease (lymphocytes) (Johnstone et al. 2012) .
Since H/L ratios can reach extremely high values when the number of lymphocytes is low, we performed an outlier identification prior to the analyses. We identified two outliers (H/L > 4.95) using conservative criteria of > 4 SD. Both outliers were removed as they were likely to represent individuals under acute stress, resulting in the final sample size of 234 individuals (Table 1) . After removing outliers, the H/L ratio distribution remained right skewed (skewness = 1.37) and was, thus, log transformed to improve normality. The repeatability of the H/L ratio was relatively high (R = 0.81, P < 0.001), as assessed through independent measurements of the same smears prepared for 25 individuals captured in previous seasons (Indykiewicz et al. 2019b) . Although leucocyte profiles (and possibly some other physiological traits, e.g. blood glucose concentration) can change (Cīrule et al. 2012) , most studies have shown that the H/L ratio is relatively stable within the first hour following bird capture (Davis 2005; Buehler et al. 2008; D'Amico et al. 2017) . Following these findings, most of the gulls in our study were sampled for blood within an hour from the moment of capture, but to exclude any bias we also controlled for sampling time (time interval between bird capture and blood sampling) in all the analyses. Correlations of H/L ratio with all three condition indices were non-significant (all P > 0.4).
Statistical analyses
We used general linear models (GLMs) to assess relationships of hood size with condition and physiological stress of Black-headed Gulls. Since hood size correlated positively with overall body size, as measured by wing length (r = 0.27, n = 542, P < 0.001), we also extracted residuals from a linear regression of hood size against wing length to obtain hood size estimates independent of body size (henceforth referred to as 'residual hood size'). Wing length could not be measured for two individuals with broken outermost primaries and, thus, residual hood size was calculated for 542 gulls. In order to examine the robustness of our results, we used two redundant modelling approaches, where either hood size or residual hood size were entered as predictors of condition or physiological stress. Condition indices (blood haemoglobin concentration, blood glucose concentration, and body mass) and H/L ratio were entered as response variables in separate models. Hood size (or residual hood size), wing length, capture date, hour (time of day at sampling), and sampling time (time interval between bird capture and blood sampling) were entered as covariates, while sex was included as a fixed factor. To test whether associations between hood size with condition and physiological stress can be explained by the non-random distribution of individuals among the colonies, we also ran the same models as outlined above but with colony identity included as an additional fixed factor. Finally, we used GLMs to test for between-sex variation and intra-seasonal changes in hood size (sex and capture date included as a fixed factor and a covariate, respectively). To obtain more parsimonious reduced models, we removed nonsignificant (P > 0.05) predictors from the initial full models. Correlations between mean hood size and mean condition or physiological stress estimates across the colonies were tested with Pearson's correlation coefficient. All models were run using the lme4 package (Bates et al. 2015) developed for the R statistical environment (R Development Core Team 2013). We used the car package (Fox and Weisberg 2011) to obtain Wald χ 2 (W) statistics and infer statistical significance (P-values) for all independent variables.
Results
Hood size was identified as a significant predictor of blood haemoglobin concentration and H/L ratio in the Blackheaded Gull (Table 2) . Gulls with larger hoods had higher haemoglobin concentrations and lower H/L ratios (Fig. 3) , which is consistent with higher condition and lower physiological stress. Similar patterns were found after adjusting hood size for differences in overall body size (residual hood size; Electronic Supplementary Material, Table S1 ; Fig. 3 ). All these relationships were similar for males and females, as indicated by non-significant sex-hood size interactions (Table 2, S1). We found no relationships of hood size (or residual hood size) with body mass and blood glucose concentration (Table S2 , S3). We found large differences in the mean hood size (and residual hood size) between the colonies (P < 0.001). Similarly, all condition indices showed significant intercolony variation (all P < 0.05). After controlling for the effect of the colony, the relationship between hood size and blood haemoglobin concentration was no longer significant (Tables S4, S5 ). However, we found a significant positive correlation of mean hood size with mean blood haemoglobin concentrations across the colonies (r = 0.54, n = 16, P = 0.032 for hood size; r = 0.52, n = 16, P = 0.039 for residual hood size; Fig. 4) . The relationship between hood size and H/L ratio was still significant after controlling for between-colony variation (Tables S4, S5 ), but no significant correlation was found between mean hood size and mean H/L ratio across the colonies (r = 0.25, n = 16, P = 0.35 for hood size; r = 0.24, n = 16, P = 0.36 for residual hood size). No significant correlation was found between mean hood size and mean body mass or mean blood glucose concentration across the colonies (all P > 0.05).
Hood size differed significantly between the sexes (W = 13.26, df = 1, P < 0.001), but this difference was attributed to large variation in the overall structural size between males and females, as no significant differences were found for residual hood size (W = 0.00, df = 1, P = 0.99). No between-sex differences were found for blood haemoglobin or glucose concentrations, or for H/L ratio (Tables 2, S1-S3). Blood haemoglobin concentration and body mass decreased with date of sampling (Tables 2, S1-S3) and a similar trend was observed for blood glucose concentration, although the latter was non-significant (Table S2-S3 ). H/L ratio also decreased with date of sampling (Tables 2, S1), suggesting that early breeding birds, despite being in better condition, are subject to higher physiological stress. We found no relationship between hood and residual hood size with sampling (capture) date (all P > 0.1). 
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Discussion
Our study provides correlative evidence for a positive association between the size of a melanin-based ornament (brown hood) and condition in the Black-headed Gull. At the same time, there was a negative relationship between hood size and the level of physiological stress, as assessed by leucocyte profiles (H/L ratio). These results indicate that hood size has the potential to be a reliable indicator of condition in the Black-headed Gull.
Hood size in the Black-headed Gull correlated positively with blood haemoglobin concentration, although we found no evidence for a relationship between hood size and blood glucose concentration or body mass. This indicates that hood size may reflect some specific components of physiological condition in our study species. Haemoglobin concentration is a basic measure of the oxygen-carrying capacity of blood, which has been demonstrated to reflect diet quality and to correlate with general condition in a wide spectrum of bird species (reviewed in Minias 2015) . Blood haemoglobin concentration was also negatively associated with infestation rates of different parasites, including hematozoans (Haemoproteus, Leucocytozooan, Plasmodium, and Trypanosoma) (Sergent et al. 2004; Mandal et al. 2008; Krams et al. 2013) , gastrointestinal helminths (Mazur et al. 2007 ), ticks (Norte et al. 2013) , and parasitic arthropods (e.g. Fessl et al. 2006; Słomczyński et al. 2006 ). Thus, it seems likely that the positive relationship between hood size and blood haemoglobin concentration can be mediated by parasitic infection, which is a common mechanism of honest ornamental expression in birds and other animals [according to the parasite hypothesis of Hamilton and Zuk (1982) ]. This hypothesis is further supported by the negative relationship between hood size and H/L ratio in our study. Although leucocyte profiles respond to various environmental stressors via androgen-mediated cell trafficking (Johnstone et al. 2012) , high H/L ratios (heterophilia) can also be caused by inflammation resulting from parasitic or bacterial infection (Davis et al. 2004; Lobato et al. 2005) . Negative correlations between H/L ratios and the expression of carotenoid-based ornaments have been reported for several avian species (e.g. Pérez-Rodríguez and Viñuela 2008; Kelly et al. 2012 ; but see Maney et al. 2008 ), although we are aware of no previous study reporting a similar correlation for melanin-based plumage ornaments [but see Svobodová et al. (2013) for a positive correlation between the size of a melanin-based ornament and H/L ratio in the Grey Partridge Perdix perdix]. It must be, however, stressed that although the negative association between hood size (or residual hood size) and H/L ratio in the Blackheaded Gull appeared to be statistically significant, the slopes of these relationships were shallow (Tables 2, S1; Fig. 3c, d) and data dispersion was high. Thus, we cannot exclude the possibility that the biological significance of these associations may be limited, and we suggest that these results should be treated with caution.
Relationships of hood size with blood haemoglobin concentration and H/L ratios were apparent in both sexes, suggesting that the hood may be an honest signal of individual quality in males and females. This pattern is consistent with theoretical expectations, since the Black-headed Gull is a sexually monochromatic species in which mutual mate choice can occur (Amundsen 2000) . On the other hand, the relationship of hood size with blood haemoglobin concentration (but not H/L ratio) could be primarily attributed to the parallel variation of these traits among the colonies (birds in certain colonies had larger hoods and higher haemoglobin concentrations than birds from other colonies). It seems unlikely that this pattern is directly driven by environmental variation between the colonies, as hoods are usually developed prior to the arrival of birds at their breeding grounds and, hence, possibly under very different environmental conditions than those experienced later in reproductive colonies. Rather, we favour the despotic distribution hypothesis, where colonies substantially vary in attractiveness (in terms of food availability, nesting sites, predators, etc.) and birds settle in colonies non-randomly with respect to their individual quality (Fretwell 1972; Brown et al. 1990 ). Consequently, we expect birds with larger hoods to settle in more attractive colonies, which leads to an improvement of their condition during the reproductive period. Our ringing data indicate that there is low breeding site fidelity within our metapopulation of Black-headed Gulls and that the birds often change breeding colonies between seasons. This suggests that colony choice may be determined by the physical condition of birds during the settlement period. When an individual is in good condition upon arrival it can compete for a nesting site in an attractive colony, but when it arrives at the breeding grounds in poor condition, it may have a higher probability of being relegated to a colony of inferior attractiveness in a given year. It has to be stressed, however, that the inter-colony character of an association between hood size and haemoglobin concentration does not undermine the potential signalling role of the hood, but does indicate that birds are non-randomly distributed in space with respect to both traits. So far, this kind of despotic distribution has only been reported for a few colonial bird species. For example, young Greater Flamingos Phoenicopterus ruber were found to prospect in a high-quality colony early in the season, but later settled in a poor-quality colony, probably because of age-related behavioural dominance (Rendón et al. 2001) . Poor-quality Yellow-legged Gulls Larus michahellis were also prevented from settling in high-quality habitat patches by locally breeding birds (Oro 2008) , while first-breeding Lesser Kestrels Falco naumanni recruited in colonies smaller than those in which they first tried to settle because of agonistic interactions that decreased with colony size (Serrano and Tella 2006) .
As far as we are aware, our study is one of the first to support the possibility that melanin-based ornaments can be used as honest signals of individual quality in the gull family, Laridae. A brownish or blackish hood is a common type of a putative ornament in gulls, and it occurs in nearly one-third of all extant gull species [16 out of 52 species recognized by Winkler et al. (2015) ] from several genera (Chroicocephalus, Creagrus, Hydrocoloeus, Ichthyaetus, Larus, Leucocephalus, Saunderlarus, and Xema) . The ubiquity of melanin-based hood coloration in different gull lineages suggests that this plumage character may play an important role in mate selection and intra-sexual competition. Thus, is seems surprising that there are virtually no empirical data on the behavioural functions of gull hoods. Some research has been conducted on the black (melaninbased) wingtip of gulls, but the conclusions of this was equivocal. In the Common Gull Larus canus, absolute and relative (to white patch area) size of the black wingtip was negatively associated with survival and positively with feather abrasion, suggesting that it may signal poor individual quality (Sepp et al. 2017) . In contrast, the symmetry of black wingtips in the Black-legged Kittiwake Rissa tridactyla positively correlated with clutch size and intensity of carotenoid-based integument coloration (Leclaire et al. 2013) . Our previous research provides support for assortative mating by both hood size and black wingtip size in the Black-headed Gull (Indykiewicz et al. 2017) , although neither of these characters were inter-correlated within each sex (P. I., unpublished data). Thus, we suggest that hoods and wingtips can possibly act as partially independent ornaments in gulls.
Previous research on the role of ornaments in mate selection by gulls was focused almost exclusively on the carotenoid-based coloration of integuments. For example, the intensity of the carotenoid-based coloration of the bill, gape and eye-ring correlated with condition (size-corrected body mass) in male Great Black-backed Gulls Larus marinus, while in females these were positively associated with egg volume and clutch size (Kristiansen et al. 2006) . Similarly, carotenoid-based coloration of the gape, tongue, eye-ring, and bill was also found to signal phenotypic (body condition) and genetic (heterozygosity) quality, as well as reproductive success, in the Black-legged Kittiwake (Leclaire et al. 2011; Doutrelant et al. 2013) . These data provide strong support for an adaptive function of carotenoid-based ornaments in gulls and suggest that the same may apply to the Black-headed Gull, which shows intensive red coloration of the bill, gape and legs during the reproductive season. This raises the question as to whether, and how, different plumage and integument ornaments, especially those based on different pigmentation, are functionally integrated in gulls? It is likely that, as in other bird species, independent components of ornaments can evolve into a composite sexual trait that reliably reflects condition across a wide array of environments (Badyaev et al. 2001) . There is also increasing evidence that different ornaments (carotenoid versus melanin based) can signal similar aspects of individual quality under different environmental conditions, as natural and sexual selection can lead to geographical divergence in mate selection mechanisms (Dunn et al. 2008 (Dunn et al. , 2010 .
In conclusion, our study adds to the existing body of evidence for the honest signalling of melanin-based ornaments in birds, and is one of the first to support this hypothesis in gulls. Our results also suggest that the distribution of gulls among breeding colonies may be despotic, thus producing large between-colony variation in the level of ornament expression and phenotypic quality of individuals. It remains to be tested whether different melanin-based plumage ornaments in gulls are developmentally and functionally integrated with each other and with carotenoid-based integument coloration, and whether physiological condition is mechanistically linked to the production of hood ornaments.
